Morphology of cancellous bone has been studied for years, with researchers always seeking accurate methods to assess the parameters. They also study the importance of cancellous morphology in itself. Despite the amount of previous research, there are currently no reviews on the morphology at different anatomy. This paper evaluate the methods and parameters of cancellous bone morphology at different human anatomy. From 1997 to February 2014 we found the articles published on cancellous bone morphology vary in parameters at different anatomy of human bone. Further, researchers are also interested in finding the precision methods for identifying the parameters of cancellous bone. Both in vitro and in vivo were used in finding the accurate result of cancellous bone parameters whilst also searching the importance of the morphology parameters. The morphology studies are vital due to the direct relation with the mechanical properties of cancellous bone. Based on the morphology data, it is found that the morphology parameters are dissimilar at different human anatomy sites. A variety of methods were used by researchers in identifying the morphology parameters, with each method having its own advantages and disadvantages. This review paper summarises the pros and cons of all methods available, in order to help researchers select the best methods for their future studies.
Introduction
Since the early years, researchers in biomechanics and bioengineering have been interested in studying the physical and mechanical properties, while shows no interest in morphology of the structure bone. Since the early 1970's, morphology of cancellous bone has been studied with researchers always looking for accurate methods to assess the parameters or indices. They had also studied the importance of cancellous morphology. Regardless of papers on cancellous morphology, there are none which review the morphology at different anatomy.
Known as ultimate biomaterial, bone can withstand a high applied load and can also repair itself. Bone consists of two main components, which is cortical and cancellous bone. Cortical is an outer dense layer of the bone, and the spongy internal part is known as cancellous or trabecular bone. In this review, we were focusing on cancellous bone at different human anatomy. Cancellous structure is randomly distributed at the proximal or distal end nearest the joint to withstand vigorous impact from external loading during physical activities. The cancellous network is made from complex connecting rods and plates, or combination of both. It is known that cancellous bone has different morphology properties at different anatomy [1] [2] [3] [4] which will be mentioned in this paper.
The morphology parameters, also known as structural indices, that have been widely used in studies. Throughout the years many studies have been conducted investigating the morphology of human cancellous bone. Several methods of assessing the cancellous morphology have been proposed and used by researchers, and each method has its pro and cons. In addition, numerous papers published on the morphology parameters have attempted to correlate the morphological data with the mechanical properties of cancellous bone. However, there are none which review the methods used to evaluate the morphology of cancellous bone. Thus, this review is written in order to gather all known methods used by researchers as well as to show the correlation of morphology parameters with other cancellous bone properties.
Discussion
There are many techniques used to obtain the morphological data, such as imaging technique, manual calculation, ultrasound, machining, etc. Several imaging techniques have been performed to calculate the cancellous bone parameters in construction of cancellous bone in three dimensional (3D) images. The most popular is an imaging technique widely used by researchers in order to study the cancellous morphology, known as micro-computed tomography (µCT) [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Other imaging techniques used to determine the morphology parameters are Magnetic Resonance Imaging (MRI) and flat-panel volume computed-tomography (fp-VCT). Whilst many use computational methods in identifying the morphology parameters, there are several researchers using manual calculation such as algorithms and the Archimedes' principle. The new methods proposed in the study of morphology parameters are ultrasound and computer numerical controlled (CNC) milling machine.
µCT scan imaging is non-destructive, fast and a very accurate procedure for determining the morphology parameters [15] . µCT scans can photograph the object on a very fine scale structure, non-destructively. It works by illuminating micro-focus x-ray sources to the object and the x-ray detector collects magnified projection images. The process then continues with the computer synthesising a stack of virtual cross section slices through the object based on numerous angular views while the objects rotates. From the stereological algorithm and model-based estimates, they calculated bone volume fraction (BV/TV), trabecular thickness (Tb.Th), trabecular number (Tb.N) and also the connectivity autiomatically [5] . However, to obtain the trabecular surface area (BS) and relative trabecular surface area (BS/BV), a plate model based on triangular algorithm was used [7] .
In addition, that there are spatial drawbacks for applying the µCT based analysis to large specimens because it would require large scanning and reconstruction of voxel size [8] . Different effects on parameters occurred between resampling high resolution images at lower resolutions and scanning the sample originally at a low resolution has been observed. Also, the values from the µCT scan were overestimated for high density specimens and underestimated for lower density specimens [10] . Thus, the value needs to be corrected to true values obtained from Archimedes' principle, since many researchers used Archimedes' principle to calculate bone volume fraction [16] [17] [18] . Algorithms were recommended to calibrate the segmentation of 3D µCT data in order to have accurate volume fraction from the µCT scan. Shi et al. [11] also used the µCT scan to identify the cancellous parameters, and as for obtaining the volume fraction, the Archimedes' principle was used.
Furthermore, it is point out that µCT scans are much more accurate compared to MRI [19] . However, because µCT scans involve high radiation, it can only be applied to a small sample. Nevertheless, it is suggest that the MRI would be suitable for in vivo bone measurements in humans [1] . They conclude that the wavelet technique is a suitable tool in analysing cancellous structure in bone. Another interesting imaging technique introduced is using the fp-VCT to analyse cancellous bone structure [20] . The fp-VCT is an acceptable technique to assess the cancellous structure with low inter-scan, intra-reader and inter-reader variability. It is stated that fp-VCT is capable of having ultra-high spatial resolution up to 150 µm 3 and is a new imaging technique that combines the
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Advanced Research in Materials and Engineering Applications advances in CT with digital flat-panel detector technology. Unlike the µCT scan, the fp-VCT can conduct in vivo imaging and visualise the cancellous structure directly. Further, ultrasound is also one of the methods used by researchers to evaluate the cancellous bone parameters. The direction of ultrasound measurement depends on the ability of ultrasound to reflect the cancellous independently of density [21] . Moreover, the apparent density was the major determinant of ultrasonic properties in the transverse axes. Result in the investigation between three difference waves stated that higher frequencies deviate more from the bar equation while the lower frequencies shows good correlation [22] . Another method used by researchers to measure the morphology of cancellous bone is by using the computer numerical controlled (CNC) milling machine [23, 24] . CNC milling technique is an accurate method for analysing the cancellous bone architecture [23] . In this technique, the bone specimen will serially being removed layer by layer using the CNC milling machine, and the image of the exposed cross section will be captured by low magnification digital camera. This technique has a limitation of destroyed specimen and the process is time-consuming. However, due to its accuracy, this technique is an excellent method for ex vivo imaging cancellous bone, especially when high resolution is necessary.
From Table 1 and 2, it can be seen that many researchers are interested in studying the cancellous bone morphology at different anatomies. The results show that the morphology parameters between anatomies varies. 
Conclusion
The morphology is important in analysing the bone quality characterisation in order to accurately predict bone quality. It has been commonly accepted that morphology studies can contribute to the mechanical properties of the cancellous bone. The morphological data allows the elastic properties of cancellous bone from fracture patients can be estimated. This review shows that morphology parameters vary at different anatomy sites. There are many methods proposed by researchers which have both advantages and disadvantages. With availability of methodologies and technology, the researchers are able to identify which methods are best suited to their application. Moreover, based on the data collected, the differences between morphology parameters of cancellous bone at varies human anatomy are due to the different functions and environments. Improving the evaluation of morphology of the structure not only depends on the equipment and technology, but also on developing precise algorithms to read and measure results from imaging. Furthermore, the application of morphology studies can be applied to forensic studies. In the future, this imaging technology could provide accurate predictions of morphology at affordable prices.
